Deposition, clearance, retention, and durability of inhaled particles from lungs are known to be important factors for induction of pulmonary ftibrosis or lung cancer. To study the deposition and clearance of alumina silicate ceramic fibres from the lung, male Wistar rats were exposed to ceramic fibre particles with a mass median aerodynamic diameter (MMAD) of 4-2 ,um, for six hours a day, five days a week for two weeks. The average exposure concentration was 20'7 (standard deviation (SD) 4 5) mglm'. The rats were killed at one day, three months, and six months after the end of exposure, and the fibre numbers and dimensions were measured with a scanning electron microscope. No significant differences in number and geometric mean length of residual ceramic fibres in the lungs were found between the groups. The geometric mean diameter, however, decreased according to the duration ofthe clearance period. These findings suggest that solubility offibre contributes most in the clearance of the inhaled ceramic fibres from the lungs.
The safety of MMMFs has been questioned because of their similarity in shape and chemical composition to asbestos. Some in vitro and in vivo studies have considered the biological effects of MMMFs and asbestos.'
Physical dimension, clearance, and durability of fibres in the lungs were reported as important factors in predicting the biological effect of inhaled fibres.'
To clarify the durability and size changes of man made ceramic fibres we conducted an inhalation exposure study of ceramic fibres in rats, and determined the changes of numbers, lengths, and diameters of residual ceramic fibres in rat lungs after various clearance times from the end of exposure.
Materials and methods

TEST SUBSTANCES
Ceramic fibres (alumina silicate refractory fibres with a nominal diameter of 2-3 um) used in this study were made by one of the largest Japanese manufacturers. The chemical composition ofthe fibres is 54% SiO, 46% A1203. Bulk ceramic fibres were disintegrated three times with an ultracentrifugal mill (Retch Co, Germany) at a speed of 15 000 rpm to obtain the materials for exposure.
EXPOSURE SYSTEM AND EXPOSURE CHAMBER Figure 1 presents a schematic diagram of the experimental apparatus. The dust generator is the same as that previously reported.78 The special feature of the dust generator is the mixing of ceramic fibres with the fluidising particles (small glass beads, diameter 210-297 pm and density 2 5 g/cm3) before use. The uniform mixing of the fibres with fluidising particles is important to keep the generation rate of fibrous dust constant. In our experiment, the mixing ratio of the ceramic fibres to the fluidising particles was 0-003. The ceramic fibres were mixed with the fluidising particles by hand. Two kg of the fluidising particles were put into a glass bottle and 6 g of ceramic fibres were added. The bottle was shaken until the colour of the mixture was judged visually to be uniform. The mixing time was about 10 minutes. After mixing, the particles were fed into the hopper and smoothly transported via a continuous screw feeder into the fluidised bed. Dry air passed upwards through the fluidised bed in which the fibrous particles were dispersed. The air velocity was high enough to transport the fibrous particles, but not the fluidising particles, into an exposure chamber (volume 0 48 m3). The fluidising particles fell back into the bed and maintained fluidisation until discharged via the overflow pipe.
CONCENTRATION AND SIZE DISTRIBUTION IN THE EXPOSURE CHAMBER
The mass concentration of ceramic fibres was measured gravimetrically at daily intervals by the isokinetic suction ofair through a glass filter. The size distribution of the aerosol in the exposure chamber was determined with an Andersen cascade impactor (air sampler, Andersen type, model AN-200, Sibata Scientific Technology Ltd, Japan). The mass median aerodynamic diameter (MMAD) and the geometric standard deviation (GSD) of the ceramic fibres in the chamber were 4-2 pm and 2-0 respectively. Because the sampler is unsuitable for obtaining the full size distribution of fibrous particles, it was only used in this study to check whether the test sample was respirable or not.
RATS
Male Wistar rats nine weeks old at the start of exposure were used. The rats were exposed to ceramic fibres daily for six hours a day, five days a week, for two weeks and killed at one day, three months, and six months after the end of the exposure. Table 1 summarises the experimental conditions. 
DETERMINATION OF CERAMIC FIBRES IN RAT LUNGS
The rats were anaesthetised by intraperitoneal injection of pentobarbital and exsanguinated via the heart at the end of the appropriate experimental period. The lungs were subjected to low temperature ashing (150°C) in a plasma asher (LAT-2SN Yanaco, Japan) in weighing bottles. The residues were washed in a small amount of 6N HC1. After gentle mixing, each sample was diluted to volume and decanted into a nucleopore filter apparatus containing a 045 pm pore size filter (Toyo Filter, Japan). The weighing bottles were rinsed with distilled water several times with all fluid being passed through the filter. Numbers, length, and diameter of fibres were determined with a scanning electron microscope (SEM:Hitachi S-700) according to the reference methods for measuring airborne MMMFs proposed by the World Health Organisation.9 The filters were cut into squares (roughly 7 mm x 7 mm) after Yamato, Tanaka, Higashi, Kido 
Results
Fibres longer than 50 gum were found in the lungs of each group. Recovered fibres had a log normal distribution. Timbrell'0 compared the length distribution of anthophyllite fibres in the lungs of Finnish workers with that of fibres that had been airborne, and concluded that the critical length above which fibres could not be cleared from the lung was about 17 pm.
The studies mentioned indicate that many mechanisms can be used to eliminate inhaled fibres.
The present study showed that the critical factor for clearance of ceramic fibres is the decrease in fibre diameter, and that it depends on the solubility of the fibre. According to the Stanton-Pott hypothesis, the fibres longer than 8 pm and thinner than 0-25 gm have high carcinogenicity. Our study suggested that even the original diameters of inhaled ceramic fibres are thicker than Stanton fibres, and could be the size of Stanton fibres in the process ofclearance time. The relation between the findings in the present study and the biological effects of MMMFs will be considered in future studies.
